The role of adrenergic and cholinergic transmission in volatile anesthetic-induced pain enhancement.
Volatile anesthetic drugs have a biphasic effect on pain transmission. At very small concentrations they enhance pain sensitivity whereas at larger subanesthetic concentrations they have an analgesic effect. Previous work has suggested that nicotinic inhibition could mediate the pronociceptive action of isoflurane. Furthermore, activation of nicotinic receptors facilitates the release of norepinephrine in the spinal cord. We hypothesize that nicotinic modulation of norepinephrine release in the spinal cord mediates isoflurane's pronociceptive action. We used hindpaw withdrawal latency as a measure of pain sensitivity after inhibition of adrenergic activity or treatment with nicotine in mice. Isoflurane's effect on pain is separable by concentration. The 50% effective concentration for pain enhancement is 0.16% isoflurane whereas the 50% effective concentration for the antinociceptive action of isoflurane is 0.8%. Depletion of systemic norepinephrine with the neurotoxin DSP-4 caused a reduction in baseline withdrawal latencies and prevented isoflurane pronociception. Baseline latency was also reduced by intrathecal yohimbine. After treatment with yohimbine, isoflurane had no additional pronociceptive effect. Nicotine administered through intracerebroventricular injection increased baseline latency but did not prevent isoflurane pronociception. Conversely, intrathecal applications of nicotine caused a slight reduction in baseline latency and prevented isoflurane's pronociceptive effect. We conclude that spinal noradrenergic transmission seems to be necessary for isoflurane pronociception to occur. Isoflurane may act by inhibiting tonically active nicotinic receptors that modulate the release of norepinephrine in the spinal cord.